The Costa Rica Dome (1, 2) is a region of upwelling, 200 to 400 km in diameter, located in the eastern tropicaJ Pacific Ocean near soN, 9()OW. This area is situated at the eastern end of the thermocline ridge associated with the EquatoriaJ Countercurrent (ECC) and received its name because the thermocline (3) in this region often reaches to within 10 m of the surface, forming a domelike feature. During the 1950's and 1960's severaJ oceanographic surveys were conducted in the area of the Costa Rica Dome. The major portion of these observations were made during November, December, January, and February (4), but some observations were made at other times of the year (5) . Because an upwelling feature aJways appeared in these data at the approximate location of the Costa Rica Dome, it was concluded that the dome must be permanent and stationary (1) . It has been hypothesized (/) that upwelling in the dome is caused by the divergence produced by the northward turning of the ECC as it approaches the coast of in the Pacific Ocean. Upon comparing the monthly streanl-function maps, we found that the mass transport into the Costa Rica Dome region, due to the large-scale currents, is minimal. In support of this, geostrophic transport calculations (8) indicate that the transport of the ECC in this area is usually less than 107 m3 sec-J. Moreover, the calculated mass transport into this region is seasonaI and reflects the north-south migration of the Intertropical Convergence Zone (ITCZ) (9). During the spring and early summer, flow into this region is not well developed, hence the mass transport into the Costa Rica Dome region is reduced (Fig. la) . During the fall, the ECC intensifies, and there is a greater mass transport into the dome region (Fig. lb) . The mass transport streamlines (7) indicate a northward turning of the ECC as it nears the coast of Central America. The mass transport calculations are limited in that they are derived from a vertically integrated model which effectively masks upwelling. However, there is no indication of the permanent, cyclonic gyre in the Costa Rica Dome area required by the earlier hypothesis (1) .
The negative result obtained from the mass transport calculation motivated us to look for another mechanism that could produce upwelling in the Costa Rica Dome region. As a starting POint, we reexanlined the results of a numerical model (10) developed to study the winddriven equatorial current systems in the Pacific Ocean. The model contains linear dynanlics on an equatorial \:i-plane and is forced by mean monthly winds (6) . The model results that are of particular interest are the height fields from which the depth of the thermocline is estimated. Comparison of the monthly height field maps shows the development of upwelling in the Costa Rica Dome region during July (Fig. 2a) . This upwelling persists throughout the summer and early fall. In Novemb:er, the upwelled region is released as a Rossby wave (11) which propagates to the west (Fig. 2b) . Maps of wind stress curl, derived from Our wind stress data set, show that the Costa Rica Dome is in a region that corresponds to a maximum of the cyclonic (upwelling-favorable) wind stress curl (Fig. 3, a and  b) . It is this cyclonic wind stress curl that produces the localized upwelling.
During the late spring and early summer, in conjunctiQn with the northward migration of the ITCZ, the cyclonic wind stress in the Costa Rica Dome region intensifies, thereby producing noticeable upwelling. The height field contours for July (Fig. 2a) Central America. Upwelling velocities of 10-4 cm sec-J have been computed from heat budget considerations for the Costa Rica Dome (1) . The cyclonic circulation in the dome is thought to be (1) the result of three currents, the ECC to the south, !tie Costa Rica Coastal Current to the east, and the North Equatorial Current to the north, which come together off Costa Rica to form a cyclonic gyre.
Recently, a monthly data set of tropical Pacific wind stress has been constructed (6) . This data set differs from earlier wind data sets in that it is on a 2°b y 2° grid, which allows resolution of the smaller scale features in the atmospheric winds. It was while working with this data set that we noticed a feature in the wind field that led us to postulate that the Costa Rica Dome is actually a region of localized upwelling produced by the wind stress curl (6) .
Initially, we used the wind stress data set to force a simple mass transport model (7) from which we obtained the gross, wind-driven circulation patterns ,... -.ñ ism for producing upwelling in the Costa Rica Dome region. At certain times of the year, this upwelling may be enhanced by the eastward flow of the ECC. Undercurrents may also be an important (15) influence on the upwelling, but this mechanism is not addressed here. Most of the observations of the dome have been made in the fall and winter. These data are neither synoptic nor sufficient to provide us with an understanding of the dynamics at work in this region. Clearly, the Costa Rica Dome is not a stationary feature, and more observations are necessary before we can discern the seasonal variability of this upwelling. Understanding of this variability would be of economic importance because the tuna fishery in the eastern tropical Pacific is related closely to the upwelling. gion approximately 300 kIn in diameter extending from 89°W to lOOOW and 7t o 12°N. This upwelled region is larger than that described in (1) . The thermocline displacements of 20 to 30 m agree with those observed in hydrographic data (4, 5) . The magnitude of the maximum wind stress curl producing this upwelling is 10-8 dyne cm-3 (Fig. 3b) , which, according to the vorticity equation, gives upwelling velocities of 10-4 cm sec-l. This value agrees with earlier estimates of the vertical velocity derived from heat budget calculations (1) .
During the fall, in corijunction with the southward movement of the ITCZ, the cyclonic wind stress curl over the Costa Rica Dome region weakens. Thus the upwelling is no longer balanced by the wind stress curl, and this imbalance releases the uplifted thermocline as a Rossby wave (Fig. 2b) . In the linear numerical model, at SON to lOON, lowfrequency internal Rossby waves (11) propagate westward with theoretical phase speeds of 25 cm sec-l. This westWard movement is seen in the simulated height fields.
The Rossby wave is released during November when the ECC is strong (1) . At this time, countercurrent velocities can approach 40 cm sec-1 (1), which caUses the Rossby wave to appear to move to the east. This, combined with the northWard ftow of the Costa Rica Coastal Current, advects the Rossby Wave to the northeast. Evidence for this 't OcToBER 1981 is found in hydrographic data collected during a survey of the Costa Rica Dome region in November and December 1959 (J). During the survey, an "eddy," which appeared to be moving to the northeast, was observed at lOON, 88OW. This "eddy" was thought to be the result of fluctuations in the transport of the ECC (1). The spatial dimensions, thermocline elevation, and hydrographic properties associated with this feature lead us to conclude that it was actually a Rossby wave released from the upwelled region by the fluctuations in the wind stress curl. These advective effects are not observed in the numerical model results because the model is linear.
The hypothesis set forth in (J) to explain upwelling in the Costa Rica Dome is strongly dependent on the eastward flow of the ECC. However, upwelling has been observed in the dome during the spring and early summer when the ECC is not well developed (J, 5) . Our wind stress data show that from May to October the Costa Rica Dome is influenced by upwelling-favorable wind stress curl (Fig. 3b) . We believe that this is the mechanism responsible for upwelling in this region.
Earlier wind data sets were constructed on grids too large to resolve the cyclonic wind stress curl over the Costa Rica Dome region. Hence, wind forcing was dismissed as a causal mechanism for the observed upwelling in this area (J). The availability of wind stress maps with resolutions of 10 to 20 is of primary importance when studying the Costa Rica Dome region.
Further support for our hypothesis of upwelling due to the wind stress curl comes from the existence of a similar domed region off the west coast of Africa near lOON (12). The pattern of wind forcing and the magnitude of the wind stress curl over this area are similar to those over the Costa Rica Dome region (6) . The upwelling in this region cannot be attributed to influences from countercurrents, since the countercurrent in the eastern equatorial Atlantic is not very prominent (13). When the Atlantic Countercurrent is present, it has a southward component upon reaching the coast of Africa, the opposite of what occurs in the Pacific. A third dome is found at lOOS off the Indonesian coast in the Indian Ocean, the only other place in the world ocean where an ITCZ exists off an eastern boundary (14). This dome is made manifest between December and February when the ITCZ is situated south of Java.
The wind stress curl is a viable mecha-~ oscillations that may be excited by fluctUations of tbc wind stress curl. The restorina force for these waves is the ~ effect,. where ~ is (3jl&y),fis the Coriolis acceleration, and y is the meridional direction. At the latitude of the Costa Rica Dome, the phase s~d and group speed ofthcsc waves is CR = c2/~y2, where C is tbc baroclinic phase speed and y is the distance from the equator. 
